In order to reveal the effect of cortisol on tilapia neutrophil defense activities in vivo, fish were given intraperitoneal injections of cortisol mixed with coconut oil as an "implant" (5 mg/0.5 mL/fish). Fish were injected with Escherichia coli into their swim bladders before 24 h prior to col lecting neutrophils, which were then assessed for their chemotactic, phagocytic and respiratory burst activities. In addition, concentrations of plasma cortisol and glucose were measured. Cortisol-implanted fish showed considerably higher levels of cortisol and their neutrophil activities were significantly suppressed compared to the control group at 1 day post-implantation.
groups of fish were challenged with Edwardsiella tarda (1 mg/fish). Cortisol-implanted fish started to die 6 days after the challenge, whereas no deaths were observed in the controls. After the chal lenge experiment, E. tarda was recovered from more than half of the cortisol-treated fish group and from the only one of the controls. Results from this study have demonstrated that elevated levels of cortisol in fish bodies, similar to that observed during stressful experiences, decrease neutrophil activities and increase susceptibility to bacterial pathogens. Cortisol is widely recognised as an immunosuppres sive agent in mammals (Oda and Katori, 1992) . In te leosts, cortisol is released from interrenal tissues by stimulating the HPI (hypothalamo-pituitary-interrenal) axis in response to stress (reviewed by Weyts et al., 1999) . Recently some studies have revealed effects of cortisol on immunity in several kinds of fish. In vitro studies have shown its immunosuppressive actions, such as inhibition of the chemiluminescence response in striped bass Morone saxatilis (Stave and Robertson, 1985) , reduced B cell activation in coho salmon Oncorhynchus kisutch (Tripp et al., 1987) and impaired nitric oxide production of macrophages in goldfish Carassius auratus (Wang and Belosevic, 1995) . In channel catfish lctalurus punctatus, for instance, cortisol treatment in vivo showed a decrease in the number of lymphocytes and an increase in neutrophils (Ellsaesser and Clem, 1987) , which is a phenomenon similar to a stress condition. In addition, cortisol reduced the gen eration of antibody-producing cells in coho salmon Maule et al., 1987) and suppressed plasma immunoglo bulin M level in masu salmon O.masou (Nagae et al., 1994) . Much attention has been paid to reveal the effects of cortisol on the immune cells, but relatively little is yet known of the effect on neutrophils, even though they play an important role in the first stages of inflamm ation. There is a small amount of evidence that fish with elevated plasma cortisol have a significantly high susceptibility to infectious diseases (Pickering and Duston, 1983; Pickering and Pottinger, 1985) . Our pre vious study indicated that the activities of neutrophils obtained from stressed fish, which had an increased level of plasma cortisol, were remarkably suppressed (Kurogi and lida, 1999) . We also demonstrated that cortisol itself has an adverse effect on neutrophil activi ties in vitro such as chemotaxis, phagocytosis and chemiluminescence response (Kurogi and Iida, 2002) . In that study, fish neutrophils treated with cortisol showed the same depressed defense ability as when observed in a stressful condition. We indicated that neutrophils are capable of recovering from the adverse effect if cortisol is removed.
Pursuing this theme, in this study, we carried out an in vivo experiment by using tilapia Oreochromis niloticus. Of two groups, one was given cortisol mixed with coconut oil and the other was given coconut oil only. Then, neutrophils from both groups were assessed for their defense activities. Furthermore, we examined whether the fish, which had an artificially elevated cortisol level from injections, had much higher susceptibility to a disease by challenging them with Edwardsiella tarda.
Materials and Methods
Fish 
Neutrophil collection
Fish were injected with formalin-killed Escherichia coli cells (1 mg/fish) into their swim bladders 24 h before collecting the neutrophils.
The collecting procedure was previously reported by Endo et al. (1997) .
Plasma collection
The plasma collecting procedure was in accordance with the method described previously by Kurogi and Iida (1999 
Neutrophil activities
Challenge test Forty fish, twenty with cortisol "implants" in their intraperitoneal cavity and the others with only coconut oil as a sham group, were challenged by injecting E. tarda (1 mg/fish) into their swim bladders at the same time of the implantation.
Each group of fish was allocated equally to two 150 L aquaria containing constantly aer ated water. The fish were fed daily with the commercial diet.
Mortality was observed for 2 wk. The surviving fish were dissected for re-isolating the bacteria from the kid ney and spleen.
Statistic analysis
Neutrophil activity data were tested by the student's t-test (P<0.05).
Results

Cortisol and glucose concentrations
Fish given cortisol "implants" showed increased plasma cortisol at 1 day post-implantation. By compari son, the cortisol levels of the control fish (implanted with 0.5 mL coconut oil only) remained undetectable, except for only one fish. Nevertheless, 7 days after implanta tion, cortisol levels in the test fish were returned to the normal condition seen in the control (Fig. 1) . There was no significant difference in glucose concentrations at each sampling (data not shown).
Neutrophil activities
All neutrophil activities, such as the number of exuded neutrophil into the swim bladder, chemotactic, phagocytic and CLA-dependent respiratory burst activities, were obviously depressed in the test group compared to control fish 1 day after implantation (P<0.05) (Fig. 2 ). No significant difference was observed in any neutrophil activities 7 days after treatment, although values in the test group were lower (data not shown).
Challenge test
Fish implanted with cortisol started to die 6 days after the treatment.
Four cortisol-implanted fish eventually died, and E. tarda was always re-isolated from the kidney and spleen of the dead fish. Moreover, more than half of the test fish retained the bacteria, even if they survived, but only one control fish retained the bacteria at 2 wk post-challenge (Table 1) Each symbol indicates the result from one individual.
The dotted line indicates the detection limit of cortisol concentration. The relationship between stress and fish diseases has been established (Snieszko, 1974) , but relatively little is known of the mechanisms involved. Cortisol is released from the interrenal glands, when fish are sub jected to stress, through many mediators such as ACTH in the HPI axis stimulated by stressors.
As a result of this study, as well as in the in vitro study described previ ously (Kurogi and Iida, 2002) , cortisol was demonstrated to have an adverse effect on fish neutrophil defense activities.
In the present study, neutrophil ability in cortisol treated fish was significantly lower than the control in any assays.
The number of exuded cells into the swim bladders was greatly reduced in fish that had gone through cortisol treatment, meaning that neutrophils may not be exuded to inflammation sites if fish have higher cortisol levels than normal. It is known that granulocyte numbers in the blood can be greatly increased within 24 h of stressing fish (Cooper et al., 1989) , but they may be not able to mobile to where inflammatory stimuli persist. A similar study using the hamster cheek pouch has been reported (Oda and Katori, 1992) , in which they demon strated the inhibition of the abilities of polymorpho nuclear leukocyte to pass through endothelial cells and vascular wall, and, moreover, to migrate toward a certain site were caused by dexamethason, which is akin to cortisol. The inhibition of degranulation in fish mast cells by cortisol could be involved in less migration of neutrophils (Matsuyama et al., 2000) . On the other hand, Weyts et al. (1998) reported that the cortisol did not affect carp neutrophil respiratory burst activity and suppressed the carp neutrophil apoptosis.
This incon sistency may be due to the difference in the cortisol con centrations used and/or suggests that there are ways to give the effect via different receptors.
There are some evidences to show the existence of receptors in fish neutrophil. These receptor expressions depend on the kind of stress (Maule and Schreck, 1990; 1991 (Pickering and Duston, 1983) . Similarly, in coho salmon, cortisol-treated fish showed greater mortality after being exposed to Vibrio anguillarum . The authors believe that cortisol elevated in fish bodies makes neutrophils ability weak, and produces a much higher susceptibility, for instance, to edward siellosis caused by a facultative pathogen E. tarda. 
Results
